Introduction
============

Mammary gland tumors are the second most common tumor type in female dogs next to skin tumors \[[@B17]\]. Nearly half of canine mammary tumors (CMTs) are diagnosed as malignant \[[@B24]\]. Although first-line treatment of tumors is primarily surgical excision \[[@B23]\], combined approaches including chemical and/or radiation therapy are often required since malignant tumors are able to infiltrate surrounding tissues and metastasize \[[@B8]\].

Recently, studies of growth factors and enzymes gave more insight into the molecular characteristics of different cancer types. \[[@B26]\] Tumor markers can be used to detect tumor activity, tumor cell type, response to therapy, or recurrence. Some markers, such as anti-apoptosis factors, are used to determine if a tumor is susceptible to specific therapies or to follow-up the proliferative stage of a tumor such as with Ki-67 \[[@B26]\].

Ki-67 antigen is a highly protease-sensitive nuclear protein that is expressed during all phases of cycling cells except for G0 \[[@B12]\]. This factor is considered a good marker for cell proliferation \[[@B5]\]. Therefore, Ki-67-specific immunostaining is an alternative method for assessing proliferative activity in mammary gland tumors, and produces a reaction with a nuclear antigen found during several cell cycle phases (G1, S, and G2) as well as mitosis \[[@B12]\]. Ki-67 expression was found to be higher in malignant tumors than in nonmalignant tumors \[[@B38]\].

B-cell lymphoma 2 (Bcl-2) is an oncoprotein that plays a role in apoptosis by blocking programmed cell death \[[@B1][@B16]\]. Its expression is related to the expression of steroid hormone receptors and low tumor proliferative activity in human breast cancer \[[@B37]\]. Additionally, levels of this protein were found to be higher in benign than malignant tumors \[[@B37]\].

The formation of vascular stroma influences the growth since a tumor will not be able to expand beyond 1\~2 mm without angiogenesis. Vascular endothelial growth factor (VEGF), an endothelial mitogen, was initially recognized for its ability to increase microvascular permeability. This protein is a multifunctional cytokine that exerts effects on vascular endothelium features such as endothelial mitogenesis and permeability \[[@B4]\]. It was shown that VEGF is overexpressed in mammary gland tumors \[[@B4]\] and may contribute to tumor growth, invasion, and metastasis into surrounding microvessels via autocrine pathways \[[@B34]\]. It was also determined that VEGF expression in mammary gland tumors is higher than that in healthy canine mammary glands \[[@B29]\].

Fibroblast growth factor (FGF) is a mitogen for fibroblasts and epithelial cells. This factor is also a strong promoter of angiogenesis. FGF receptors were shown to be overexpressed both in human and animal mammary tumors \[[@B14]\].

*Tarantula cubensis* extract (TCE) has been found to stop the growth of CMTs by promoting demarcation from surrounding tissues \[[@B19]\]. TCE is used as a homeopathic remedy for treating inflammation in the skin, connective tissue, and nervous system. It is very effective for ameliorating painful abscesses, inflammatory ulcers, and severe dermatitis \[[@B15]\]. TCE also resulted in regression of benign mammary tumors and hardness in malignant mammary tumors. \[[@B13]\].

The purpose of the current study was to evaluate the effects of TCE on canine mammary adenocarcinomas. For this, the expression of Bcl-2, Ki-67, VEGF, and FGF was evaluated with immunohistochemical staining and a terminal deoxynucleotidyl transferase deoxyuridine triphosphate nick end labeling (TUNEL) assay. To the best of our knowledge, this study is the first to examine the effects of TCE on canine mammary tumors.

Materials and Methods
=====================

Animals and treatment
---------------------

Spontaneous CMTs brought to the clinic were used for this study. To obtain a preferably homogenous treatment group, only animals with a comparable case history and clinical as well as histological findings were included in the investigation. Routine diagnosis and treatment of mammary tumors including taking biopsies, homeopathic regulation treatment with TCE, and mastectomy were performed for all canines. The dogs were privately owned and lived in households. In addition, the owners were informed that the TCE used in the study is known to inhibit the growth of CMTs \[[@B19]\]. In cases of multiple mammary tumors, only the largest was able to be biopsied; therefore, the behavior of each tumor before and after TCE treatment could not have been assessed since mammary tumors are frequently multicentric and pathologically separate entities. In addition, a control group was not established since performing a mastectomy on healthy dogs is not ethical according to the law in Turkey. The research was conducted in accordance with the principles outlined in decision no. 2009-12 of the Ethical Committee of Animal Research of Turkey.

Thirteen intact female dogs brought to the hospital with a history of mammary gland masses were included in the investigation. The breeds of the dogs were three Norfolk terriers, three bichon Havanese, five mongrels, one cocker spaniel, and one Doberman pinscher ([Table 1](#T1){ref-type="table"}). The animal ages ranged from 7 to 14 years, and none of the dogs had a history of any treatment for mammary tumors. Seven dogs had multiple tumors on the same mammary gland chain. Staging of the mammary tumors was performed according to the World Health Organization (WHO) Clinical Staging System TNM \[[@B27]\]. In cases of multiple tumors, the largest one was used for classification. Tumor size was measured, the consistency and degree of demarcation palpated, and the results were compared to the findings observed after treatment (+ to +++). Metastasis screening was done using thoracic radiographs and ultrasonographic examination of the abdominal organs.

After tumor staging, punch biopsies were taken using a single-use biopsy punch (6 mm; Kai Medical, Japan). In cases of multiple mammary tumors, only the largest one was biopsied. The hardest part of the tumors was chosen to ensure that the lesion was evaluated. Before sampling, the hair was thoroughly clipped and the skin was sterilized with alcohol. Sedation or local anesthesia was not induced. After excision of samples with a minimum diameter of 5 mm, suturing was not required and low-grade hemorrhaging was stopped by pressing a swab to the wound. In all patients, none of the small wounds showed complications during healing within the following week.

TCE was injected between the shoulder blades (Theranekron : D2 = 1 : 100; Richter Pharma, Austria) three times at weekly intervals. The dosage was 3 mL per dog as indicated in the prospectus. Between days 7 and 10 after the third injection, the patients underwent complete unilateral mastectomy. All dogs in the study received a follow-up examination during the 18 months after mastectomy.

Histopathology
--------------

Both the tumors and biopsies were immediately fixed in 10% neutral buffered formalin and embedded in paraffin. From all tissue samples, 5-µm sections were cut and stained with hematoxylin and eosin. The biopsies and tumors were evaluated by the same pathologist and classified histologically according to the WHO International Classification system \[[@B25]\].

Immunohistochemistry
--------------------

Additional sections placed on 3-aminopropyltriethoxysilane (Sigma, USA)-coated slides were stained using the streptavidin-biotin-peroxidase complex technique (Histostain Plus Kit; ZYMED, USA) with monoclonal anti-VEGF antibody (SC-7269; Santa Cruz Biotechnology, USA), anti-Bcl-2 antibody (SC-7382; Santa Cruz Biotechnology), anti-Ki-67 antibody (MIB-1; Dako, Denmark), and polyclonal anti-FGF antibody (SC-79; Santa Cruz Biotechnology). Antigen retrieval was performed by heating the sections in citrate buffer (pH 6.0) for 20 min in a microwave oven at 600 W. Aminoethylcarbazole or 3,3-diaminobenzidine in H~2~O~2~ were used as chromogens with incubation for 10 min (controlled by visual observation under a microscope). The sections were counterstained with Mayer\'s hematoxylin for 1 min, rinsed with tap water, and mounted with an aqueous mounting medium. The percentages of the total area of the positive cells were determined using a microscopy image analysis system (Bs200P Image Analysis System; BAB Software, Turkey). A total of 10 high-power fields were randomly chosen and analyzed at 400× magnification.

TUNEL assay
-----------

To assess the degree of DNA fragmentation, the sections were stained using the TUNEL method (*in situ* cell death detection kit; Roche Diagnostics, Germany) according to the manufacturer\'s instructions. The sections were de-paraffinized and rehydrated. Next, the sections were irradiated at 350 W in 0.1 µm citrate buffer (pH 6.0) in a microwave oven for 5 min. After washing twice in PBS (pH 7.4), the sections were covered with 50 µL of the TUNEL reaction mixture containing terminal deoxynucleotidyl transferase and fluorescein-dUTP (2\'-deoxyuridine 5\'-triphosphate), and incubated under a coverslip in a humidified chamber for 1 h at 37℃. The slides were next incubated with horseradish peroxidase-conjugated anti-fluorescein antibody for 40 min at room temperature. After washing three times for 15 min each in PBS, the sections were finally incubated with the chromogenic substrate 3,3-diaminobenzidine for 5 to 15 min at room temperature.

Statistical analysis
--------------------

Immunohistochemical results were analyzed using a one-way analysis of variance (ANOVA) and Mann-Whitney U test. Evaluation of tumor size was carried out using a non-parametric Mann-Whitney U test. *P* values \< 0.05 were considered statistically significant.

Results
=======

Animals and response to therapy
-------------------------------

Initial physical examination results indicated that all dogs were in a good state of health. Average tumor size was 43.93 ± 26.53 mm. All tumors were smooth with good demarcation (++). Regional lymph nodes were not enlarged. Metastases were not detected on thoracic radiographs or during abdominal ultrasonographic examinations. Based on these findings, all tumors were comparable and classified as T2N0M0 (Stage II). This staging was confirmed by histopathologic examination after complete unilateral mastectomy including the axillar and inguinal lymph nodes.

Seven days after the third TCE injection, average tumor size was 33.14 ± 23.42 mm. No significant difference between the pre- and post-treatment period was observed (*p* \> 0.05). During initial examination, the primary tumors were slightly soft. The first and second injections of TCE did not exert any visible or measurable effect on the tumors. However, the examination performed on day 7 following the third injection revealed that demarcation of the tumor was increased and the skin covering the tumor was difficult to lift. A capsule-like structure was palpated around the tumor and the consistency of the tumor was harder than that observed before the injection. The dogs underwent complete unilateral mastectomy 7\~10 days after the third TCE injection. No complications related to surgery were observed, and wound healing was *per primam intentionem* within the following 7\~10 days. During the post-surgical follow-up period of 18 months, new tumor formation on the incision line or on the other mammary glands was not detected. The general condition of the dogs was good based on the clinical examinations performed monthly.

Histopathological and immunohistochemical findings
--------------------------------------------------

According to evaluation of the biopsies and tumors, the dogs were diagnosed with adenocarcinomas. Histopathological evaluation revealed that the tumors were completely removed in all cases. Subclassification was not performed since a limited number of animals was included in the study.

The mean percentages of areas positive for Ki-67, Bcl-2, VEGF, FGF, and apoptosis are shown in [Fig. 1](#F1){ref-type="fig"}. Expression of Ki-67 (representing mitotic activity) and Bcl-2 (an anti-apoptotic protein) was found to be significantly decreased in the post-treatment tissues compared to the pre-treatment tissues (*p* \< 0.01; [Fig. 2](#F2){ref-type="fig"}). Furthermore, the TUNEL assay data revealed that significantly more apoptotic cells were present in the post-treatment tissues than in the pre-treatment tissues (*p* \< 0.01; [Fig. 3](#F3){ref-type="fig"}). However, there was no significant difference in VEGF or FGF expression between the pre- and post-treatment tissues (*p* \> 0.05; [Fig. 4](#F4){ref-type="fig"}).

Discussion
==========

Our study revealed that treatment with TCE led to a significant decrease in the expression of Ki-67 and Bcl-2 (*p* \< 0.01; panels A-D in [Fig. 2](#F2){ref-type="fig"}). Ki-67, one of the proliferation-associated nuclear antigens, is used to measure growth in CMTs \[[@B22]\]. It was previously observed that benign tumors have lower numbers of Ki-67-positive cells compared to malignant tumors even though the values did not differ between simple and complex carcinomas \[[@B35]\]. In another study, strong Ki-67 expression was detected in a mammary adenocarcinoma in a female dog \[[@B28]\]. Other studies showed that Ki-67 proliferation indices were higher for malignant than benign mammary tumors in female canines \[[@B38][@B11]\], and the Ki-67 index was found to correlate with CMT prognosis. Ki-67 (MIB-1) reacts with a nuclear antigen present during the G1, S, and G2 phases of the cell cycle but is absent during G0 \[[@B11]\]. Furthermore, the MIB-1 index is an important prognostic factor as it can be used to determine the number of cycling cells \[[@B33]\]. In the present study, decreased Ki-67 expression observed after treatment of CMTs with TCE for 3 weeks revealed that the number of cycling cells was reduced or the proliferation rate decreased. Measurement of Ki-67 antigen expression thus helped to determine the response of tumor tissues to the TCE treatment.

As an important regulator of apoptosis, Bcl-2 is a frequently studied gene in cases of human breast cancer \[[@B20]\]. It was found that Bcl-2 expression in human breast adenocarcinomas is strongly related to hormone receptor positivity and low histologic grade \[[@B3]\]. Bcl-2 expression is also significantly increased in both human and canine mammary tumors \[[@B21]\]. In one previous study, the amount of Bcl-2 expression was determined to be 67% in benign and 58% in malignant CMTs \[[@B37]\]. In our study, Bcl-2 expression was significantly lower in post-treatment tissues compared to pre-treatment tissues (*p* \< 0.01).

In humans, Bcl-2 expression was analyzed to characterize its relationship with patient outcomes in cases of breast cancer. It was discovered that Bcl-2 overexpression is related to a favorable prognosis in patients receiving hormonal or cytotoxic therapies \[[@B7]\] and is therefore believed to be a predictor of treatment response \[[@B10][@B18]\]. Furthermore, patients with Bcl-2-positive tumors were found to have relapse-free survival rate three times lower than that of individuals with tumors lacking Bcl-2 expression \[[@B7]\].

In another study conducted to identify predictive markers related to chemotherapy sensitivity, Bax-positive and Bcl-2-negative breast cancer was found to have a significantly higher reduction rate per chemotherapy cycle \[[@B34]\]. In addition, antitumor effects of Curcuma phaeocaulis Valeton (CpV) extract were evaluated using MCF-7 and MDA-MB-231 breast cancer cells. It was discovered that CpV, a Chinese medical herb, significantly inhibits cell proliferation, induces apoptosis, and decreases the expression of Bcl-2 \[[@B6]\]. Similarly, we showed that the expression of Ki-67 and Bcl-2 was lower following treatment with TCE. We also determined that the administration of TCE induced apoptosis. Conditions that cause up-regulation of cell proliferation or suppression of apoptosis are known to result in mutations and breast cancer development \[[@B20]\]. Overexpression of Bcl-2 was found to suppress apoptosis \[[@B9]\]. We therefore hypothesize that TCE induced apoptosis by decreasing Bcl-2 expression in our investigation.

In the present study, the expressions of VEGF and FGF were measured since these factors are markers of angiogenesis \[[@B14][@B31]\]. However, no significant differences were detected between pre- and post-treatment tumor tissues (*p* \> 0.05). Involvement of FGF receptors has been identified both in human carcinogenesis and animal mammary tumors \[[@B14]\]. Many studies previously demonstrated VEGF overexpression in high-grade canine malignant tumors \[[@B2][@B30][@B31]\] and its correlation with metastasis \[[@B32][@B36]\]. On the other hand, a recent investigation showed that VEGF expression does not differ significantly between benign and malignant CMTs \[[@B32]\]. According to this study, VEGF expression is independent of histological type, cell proliferation, and metastatic capacity. It was also determined that normal mammary epithelial cells express VEGF, suggesting that stages of the oestrus cycle may promote cellular proliferation and increase the vascular network \[[@B32]\].

Down-regulation of VEGF expression as a way to decrease angiogenesis is a goal for cancer treatment. However, TCE did not affect VEGF expression in canine mammary adenocarcinomas in the present investigation. Further studies are therefore required to better understand the regulation of VEGF expression and evaluate the effects of anti-angiogenic drugs such as anti-VEGF antibodies, endostatin, and angiostatin together with TCE treatment. We found that TCE treatment for 3 weeks increased the consistency of the primary tumor. Similary, three injections of 3\~6 mL TCE given 7 days apart has been reported to stop visible growth of mammary tumors in female dogs within 2\~4 weeks \[[@B19]\]. The tumors became harder and demarcation from the surrounding tissue increased, thereby facilitating surgical intervention \[[@B19]\]. In our study, we tried to correlate this observation with the expression of FGF but no relationship could be detected. A primary objective of cancer treatment is to enhance apoptosis and reduce cell proliferation. The high levels of Bcl-2 and Ki-67 expression observed in the pre-treatment tissues and reduced levels in the post-treatment tissues indicated that the administration of TCE may help control tumor growth in canine mammary adenocarcinomas classified as T2N0M0.
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![Immunohistochemical staining for Ki-67 and B-cell lymphoma 2 (Bcl-2). (A) Pre-treatment Ki-67-positive cells (arrow). (B) Post-treatment Ki-67-positive cells (arrow). (C) Pre-treatment Bcl-2-positive cells (arrow). (D) Post-treatment Bcl-2-positive cells. Immunoperoxidase technique with Mayer\'s haematoxylin counterstaining. Magnification: 240× (A), 180× (B and C), 140× (D).](jvs-16-213-g002){#F2}

![Pre- and post-treatment terminal deoxynucleotidyl transferase deoxyuridine triphosphate nick end labeling (TUNEL) results. (A) Post-treatment TUNEL-positive apoptotic cells (arrow). (B) Pre-treatment TUNEL-positive apoptotic cells (arrow). TUNEL assay with Mayer\'s haematoxylin counterstaining, Magnification: 240× (A), 140× (B).](jvs-16-213-g003){#F3}

![Immunohistochemical staining for VEGF and FGF. (A) Pre-treatment VEGF-positive cells (arrow). (B) Post-treatment VEGF-positive cells (arrow) (C) Pre-treatment FGF-positive cells (arrow). (D) Post-treatment FGF-positive cells (arrow). Immunoperoxidase technique with Mayer\'s haematoxylin counterstaining, Magnification: 180× (A and B), 140× (C and D).](jvs-16-213-g004){#F4}

###### Individual features of the dogs
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